The relationship between diet quality and development of obesity is complex and unresolved. The aim of this study was to assess and compare the predictive value of six different dietary scores on both relative weight change and the risk of obesity after 13 years of follow-up in adults aged 45 years and older. SUBJECTS/METHODS: Six scores reflecting adherence to different nutritional recommendations (the French Programme National Nutrition Santé-Guideline Score (PNNS-GS), the Dietary Guidelines for Americans Index (DGAI), the Diet Quality IndexInternational (DQI-I), the Mediterranean Diet Scale (MDS), the relative Mediterranean Diet Score (rMED) and the Mediterranean Style Dietary Pattern Score (MSDPS)) were estimated in 3151 participants in the French SU.VI.MAX (SUpplé mentation en VItamines et Miné raux AntioXydants) study. Associations of dietary scores with 13-year weight change were assessed through multivariate linear regression models, and obesity risk was analyzed with logistic regression, providing odds ratios (OR) and 95% confidence intervals (CI). RESULTS: Except for the MSDPS, higher scores, that is, better adherence to nutritional guidelines or to a Mediterranean diet, were associated with lower weight gain in men (all P-value for trend o0.05). In addition, among men, ORs for becoming obese after 13 years associated with a 1 s.d. increase in dietary scores ranged from 0.63, 95% CI: 0.51, 0.78 for DGAI to 0.72, 95% CI: 0.59, 0.88 for MDS. These associations were weaker or not statistically significant in women. CONCLUSION: Overall, the six dietary scores predicted obesity risk equally well. Among French adults, strong adherence to dietary guidelines appears to be protective with regard to weight gain and obesity, especially in men.
INTRODUCTION
Obesity---known to be a risk factor for metabolic syndrome, type 2 diabetes, cardiovascular diseases and certain cancers 1 ---has become a worldwide epidemic. Weight gain results from an imbalance between energy intake and expenditure, but the degree to which various dietary factors contribute to weight gain remains unclear. Dietary nutrients are likely to be interactive or synergistic, which can make it difficult to examine their separate effects, some of which might be very small. A growing body of research has been focused on dietary patterns to account for the complexity of the diet, in particular when studying its relationships with health outcomes. 2 -4 A posteriori dietary patterns are datadriven and are limited in terms of reproducibility across studies. 5 In turn, a priori dietary score are reproducible tools and suitable for comparison purposes.
Different diet quality scores that measure adherence to 'beneficial' diets have been suggested and used to assess relationships with cancer, cardiovascular diseases, diabetes or cognition. 5, 6 Thus far, only a few prospective studies have investigated the association between such scores and weight gain or the risk of obesity, 7 -14 and studies on the effects of diet on long-term weight change are scarce. To our knowledge, only one study has compared the predictive potential of different Mediterranean dietary scores with regard to weight change. 15 According to a recent review, 13 there is a possible role of the Mediterranean diet in preventing overweight/obesity. Hence, a selection of Mediterranean diet indices and dietary scores developed in France and other countries was used in this study. The selected scores were the Mediterranean Diet Scale (MDS), 16, 17 the relative Mediterranean Diet Score (rMED), 18 the Mediterranean Style Dietary Pattern Score (MSDPS), 19 the French Programme National Nutrition Santé-Guideline Score (PNNS-GS), 20 the Dietary Guidelines for Americans Index (DGAI) 21 and the Diet Quality Index-International (DQI-I), 22 which was specifically developed for between-country comparisons. We hypothesized that higher dietary scores would be associated with lower weight gain. We expected that the results would be especially pronounced with respect to the PNNS-GS, which was developed for the French population and for which a negative association has been found with different anthropometric markers, including overweight and obesity after 6 years of follow-up. 8 We also chose to investigate these associations for men and women separately, as the predictors of weight gain may be sex-specific. 9 The main objective of this study was to assess and compare the predictive values of these six dietary scores on weight change and on the risk of becoming obese after 13 years of follow-up in a middle-aged population-based sample.
MATERIALS AND METHODS Population
Subjects were part of the SU.VI.MAX study (SUpplé mentation en VItamines et Miné raux AntioXydants), a population-based, double-blind, placebocontrolled, randomized trial initially designed to assess the effect of a daily antioxidant (vitamins and minerals) supplementation on the incidence of cardiovascular diseases, cancers and overall mortality. Details concerning the rationale, design, methods and participant characteristics have been reported elsewhere. 23, 24 Briefly, 12 741 French adults (7713 females aged 35 -60 years and 5028 males aged 45 -60 years) were recruited in 1994. Subjects provided written informed consent and the study was approved by the Ethics Committee for Studies with Human Subjects at the ParisCochin Hospital (CCPPRB nos.: 706 and 2364) and the 'Commission Nationale de l'Informatique et des Liberté s' (CNIL nos.: 334641 and 907094), ensuring that medical information is kept confidential and anonymous. Participants did not have known diseases likely to threaten their 5-year survival. They were invited to undergo either a clinical examination or a blood sampling every year from the time of enrollment to the end of the trial phase (1994 -2002) . Then, a post-trial observational study was established (SU.VI.MAX2; 2007 -2009), with an assessment of biological, clinical and lifestyle factors, such as physical activity, socioeconomic characteristics, health events and diet, through self-administered questionnaires. 25, 26 The current analyses include only participants aged 45 -60 years at baseline, with at least three 24-h dietary records provided during the first 2 years of follow-up (1994 -1996) and no missing dietary, anthropometric or covariate data ( Figure 1 ). The first set of analyses assessed the association between dietary scores and 13-year weight change in 3151 subjects. The second set of analyses was restricted to non-obese subjects at baseline (n ¼ 2954) and assessed the 13-year risk of becoming obese.
Dietary assessment
Dietary information was collected continuously, starting from baseline (1994): one 24-h record was requested every 2 months. The days of the 24-h records were determined in advance (at baseline) so that weekly and seasonal variation could be taken into account. For this prospective analysis, we used only the 24-h dietary records collected during the first 2 years of the study (1994 -1996) as a measurement of baseline dietary habits. All food and beverage consumption occurring over a 24-h period was self-reported on each dietary record using a computer. With regard to the evaluation of food portion sizes, participants were provided with an instruction manual that included validated photographs of more than 250 typical French foods shown in three different portion sizes. 27 Intermediate portion sizes could also be chosen, leading to a total of seven possible portion sizes. Nutrient composition was calculated using the SU.VI.MAX food composition table, which included more than 900 different foods. 28 All eligible 24-h records were averaged to obtain an index of mean food consumption and nutrient intake values for each subject.
Average intake was estimated (with a mean of 10.2 records per person, ranging from 3 to 14) as a proxy for usual dietary intake. As is the general rule in the SU.VI.MAX cohort, 29 dietary records that reported o100 or 46000 kcal per day were considered implausible and were thus excluded from analyses; further, men reporting o800 kcal per day and women reporting o500 kcal per day across 34% or more of their dietary records were also excluded.
Alcohol intake (grams of ethanol per day) was estimated using a short, validated, semiquantitative dietary questionnaire. 25 Computation of dietary scores Table 1 summarizes the characteristics of each dietary score, whereas detailed information on the computation of these dietary scores can be found elsewhere. 17 -22 The 15-point PNNS-GS reflects adherence to French nutritional recommendations. It included 13 components, eight of which referred to food-serving recommendations, four referred to moderation in consumption and one component pertained to physical activity. 30 Points are deducted for overconsumption of salt and sweets and when energy intake exceeds the needed energy level by more than 5%. It is the only score to factor in the contribution of physical activity. The DQI-I score 22 6 063 subjects with all necessary data for dietary scores computation (fish consumption, alcohol consumption, physical activity, 24-hour records, anthropometric data) at baseline (1994 -1996) 6 678 subjects excluded due to missing dietary, anthropometric, or physical activity data for computation of all 6 dietary indices 1 346 subjects aged < 45 y at baseline were excluded 4 717 subjects aged 45-60 years at baseline (range 0 -100) comprises of four components (variety, adequacy, moderation and overall balance) and the cutoffs used for adequacy and moderation were those corresponding to the French recommendations. 31 The DGAI score 21 (range 0 -20) can be divided into two sets of components: 'food' (11 components) and 'healthy choice' (9 components). 32 It allows the estimation of adherence to the American dietary recommendations.
The MDS score (range 0 -9) is based on nine components (intake of grains, vegetables, fruits and nuts, milk and dairy products, meat and meat products, legumes, alcohol, fish, ratio monounsaturated to saturated fat). A 0 or 1 is assigned according to established cutoffs, defined as the gender-specific median intakes for each item. 16 The rMED ranges from 0 to 18 points and is based on the same components as the MDS, except that the ratio of monounsaturated fatty acids to saturated fatty acids was replaced by olive oil consumption. The tertiles of intake are used as cutoffs with 0, 1 or 2 points, respectively. 18 The MSDPS comprises 13 components (whole-grain, cereals, fruits, vegetables, dairy, wine, fish, poultry, olives -legumes -nuts, potatoes, eggs, sweets, meats, olive oil) for a maximum of 100 points. For each component, scoring displays a bellshape around the optimal level. 19 
Anthropometric measures
Anthropometric measurements took place at baseline (1995 -1996) , follow-up (2001 -2002) and at the beginning of SU.VI.MAX 2 (2007). Weight was measured to the nearest 0.5 kg using an electronic scale (Seca, Hamburg, Germany), with participants wearing indoor clothes and without shoes. Height was measured to the nearest 0.5 cm with a wall-mounted stadiometer. Body mass index was calculated as the ratio of weight in kilograms to squared height in meters (kg m À2 ). Obesity was defined as body mass index X30 kg m À2 . Weight changes were computed as the difference in weight between the most recent (2007 -2008) and initial (1995 -1996) values and were expressed as a percentage of the baseline value. 
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Score range: up to 15, can be negative owing to negative points and penalties for high energy intake 12 nutritional components: fruit and vegetables 0 -2 points, starchy foods 0 -1 point, whole grain 0 -1 point, dairy products 0 -1 point, meat 0 -1 point, seafood 0 -1 point, added fat 0 -1 point, vegetable fat 0 -1 point, sweets À0.5 to 1 points, water and soda 0 -1 point, alcohol 0 -1 point, salt À0.5 to 1.5 points. 1 component on physical activity 0 -1.5 points Penalties if energy intake 45% of energy need DQI-I Kim et al.
22
Score range: 0 -100 points Four groups of components: Variety: overall food group variety (0 -15 points); within-group variety for protein source (0 -5 points) Adequacy: vegetables, fruits, cereals, fiber, protein, Fe, Ca, vitamin C (0 -5 points each). Nutritional recommendations are specific to the country where the score is applied, here France. Moderation: total fat, saturated fat, cholesterol, Na, empty-energy foods (0 -6 points each) Overall balance: macronutrient ratio (carbohydrate:protein:fat, 0 -6 points); fatty acid ratio (PUFA:MUFA:SFA, 0 -4 points) DGAI Fogli-Cawley et al.
21
Score range: 0 -20 points Recommendations depend on energy needs calculated with BMR and physical activity level for each subject 11 items for foods (0 -1 point each): dark green vegetables, orange vegetables, legumes, other vegetables, starchy vegetables, fruits, variety, meat and beans, dairy products, all grains, discretionary energy; 9 items for healthy choices/nutrient intake: 450% of grains as whole grains (0 -1 point), fiber intake (0 -1 point), total fat (0 -1 point), saturated fat (0 -1 point), trans-fat (0 -1 point), cholesterol (0 -1 point), % of dairy products that are low fat (0 -0.5 point), % of meat products that are low fat (0 -0.5 point), Score range: 0 -18 points. Same 5 beneficial components as MDS, but points 0, 1 and 2 attributed to tertiles 1, 2 and 3, inverse quotation for the 2 detrimental components Component on fat: olive oil intake 0 point for non-consumption, 1 point below median, 2 points above median MSDPS Rumawas et al.
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Score range: 0 -100 points 13 components, 10 points each: whole-grain, cereals, fruits, vegetables, dairy, wine, fish, poultry, olives -legumes -nuts, potatoes, eggs, sweets, meats, olive oil. Scoring depends on the number of servings recommended per day or week (e.g., consume 60% of recommended serving, score ¼ 6). If consumption is above recommended number of servings, points are deducted accordingly. Negative points are possible.
Abbreviations: BMR, basal metabolic rate; DGAI, Dietary Guidelines for Americans Index; DQI-I, Diet Quality Index-International; MDS, Mediterranean Diet Scale; MSDPS, Mediterranean Style Dietary Pattern Score; MUFA, monounsaturated fatty acid; PNNS-GS, Programme National Nutrition Santé -Guideline Score; PUFA, polyunsaturated fatty acid; rMED, relative Mediterranean Diet Score; SFA, saturated fatty acid.
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Statistical analysis
All statistical analyses were performed using SAS software (Release 9.1, SAS Institute Inc., Cary, NC, USA). Baseline characteristics of the sample are presented in Table 2 , where values are means (s.d.) or percents, as appropriate. All scores are sex-specific and standardized to 1 s.d. for comparison purposes.
Weight change. We estimated 13-year relative weight change, computed as percentage of baseline weight, by quartiles of each dietary score. The predictive value of each score on the 13-year weight change was assessed by multivariate linear regressions. Standardized multiple linear regression coefficients (b) are presented in Table 3 . The SAS procedure used was PROC GLM, where the dependent variable was weight change as percentage of the baseline weight, and the independent variables were each dietary score and all covariates. This procedure provides a b coefficient for the effect of each dietary score on weight change, adjusted for the effect of the covariates. For each score, two different models were used. On the basis of evidence from the literature 33 -35 and on preliminary analyses, the first model was adjusted for age, energy intake and number of 24-h records. Model 2 included the same covariates plus smoking status (three categories: never, former or current smoker), education (primary school, high school diploma or university graduate), group of supplementation, baseline weight and height, physical activity (except for the model with the PNNS-GS, which takes physical activity into account) and menopausal status for women.
Obesity risk. In a second set of analyses, we estimated the odds ratios (OR) and 95% confidence intervals (CI) of becoming obese after 13 years of follow-up, after exclusion of 197 obese subjects at baseline (the sample size for these analyses was n ¼ 2954). Multivariate logistic regressions were performed and interaction terms between dietary scores and sex, age and tobacco use were tested. A significant interaction was found between sex and MDS, DQI and PNNS-GS (Po0.05). The SAS procedure used was PROC LOGISTIC, where the dependent dichotomous variable was 'being obese/ not being obese at the end of follow-up'. Two multivariate models were used: model 1 included age, number of 24-h dietary records and energy intake as covariates; model 2 also included smoking status, education, supplementation group and physical activity for each score, except for PNNS-GS.
To compare the predictive values of the different dietary scores on obesity risk, we used the area under the receiver operating characteristic curves (AUC). The model with PNNS-GS was taken as a reference as it represents adherence to French nutritional guidelines. AUC comparisons were fit using the SAS %ROC macro. 36 All statistical tests were two-sided and Po0.05 was considered significant.
RESULTS
Characteristics of the participants at baseline A total of 1680 men and 1471 women, aged 45 -60 years at baseline, were included in this analysis. All six dietary scores showed an increasing linear trend from the lower to the higher quartiles of PNNS-GS (Po0.0001), indicating that, overall, individuals were ranked the same way with the PNNS-GS as with the other dietary scores (data not shown). Mean (s.d.) ages in the sample were 52.3 (4.6) years for men and 51.0 (4.5) years for women. Women had higher PNNS-GS (8.1 (1.8) vs 7.6 (1.9)) and DQI-I (7.3 (1.8) vs 6.5 (1.9)) than men, but lower MDS and rMED and no significant difference was found for MSDPS and DGAI (results of w 2 tests not shown). Overall, weight evidenced a change of þ 1.9 (4.6) kg in men and þ 2.6 (5.2) kg in women. At baseline, men were twice as likely as women to be overweight (47 vs 20%) and were also more likely to become obese by the 13-year follow-up (123 cases (7.9%) in men vs 84 cases (6.1%) in women). More than half of the participants (57% of men and 63% of women) gained 41 kg over the followup, and among them, mean weight gain was 4.9 (3.4) kg for men and 5.4 (3.9) kg for women.
Association between dietary scores and 13-year weight change Overall, all scores except the MSDPS showed significant negative associations with weight change independent of age, energy intake and number of 24-h records in men. Results were similar with the fully adjusted model. Except for the MSDPS score, positive weight change decreased linearly from the lower to the upper quartiles of the dietary scores (linear trend Po0.05 for all).
In women, the associations of the dietary scores with weight change were weaker. A significant negative association was found with the PNNS-GS and Mediterranean diet (MDS and rMED) in Weight gain only among subjects who gained weight during follow-up.
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C Lassale et al model 1, whereas the trend was not significant for DGAI or DQI-I. In the fully adjusted models, all trends became nonsignificant. Unexpectedly, a better MSDPS was associated with a slight, nonsignificant, increase of positive weight change.
Association between dietary scores and obesity risk Among the 1569 non-obese men at baseline, 123 became obese, and among the 1385 women, 84 became obese after 13 years. The results of the logistic regression models for obesity risk are presented in Table 4 . For men, in the fully-adjusted models, the ORs of becoming obese after 13 years associated with 1 s.d. increase in dietary score values ranged from 0.63, 95% CI: 0.51, 0.78 for DGAI to 0.72, 95% CI: 0.59, 0.88 for MDS. Only the MSDPS displayed nonsignificant associations. AUC are presented in Table 5 . AUC comparing PNNS-GS with the other dietary indices showed no difference in the predictive potential of the various scores (all P40.05). In the analyses with dietary score quartiles, the risk of becoming obese was also strongly reduced, with ORs for subjects in the top quartile compared with the bottom quartile, ranging from 0.20, 95% CI: 0.10, 0.42 for DGAI to 0.45, 95% CI: 0.26, 0.79 for PNNS-GS and0.45 95% CI: 0.27, 0.76 for MDS.
In women, no association of the dietary scores with obesity risk was found. A nonsignificant risk reduction was found for 1 s.d. increase of rMED (OR ¼ 0.82, 95% CI: 0.65, 1.03), DGAI (OR ¼ 0.86, 95% CI: 0.68 -1.08) and PNNS-GS (OR ¼ 0.94, 95% CI: 0.73, 1.21). The trend across quartiles was also nonsignificant for all scores. Further adjustment for menopausal status did not change substantially the results (data not presented).
DISCUSSION
The findings of this prospective study support the role of a healthy diet, as measured by different dietary scores, in long-term weight control. Indeed, in our study, adherence to dietary guidelines or to f Model 2: Model 1 also adjusted for smoking status, education, supplementation group, baseline weight and height, physical activity for all scores except PNNS-GS, and menopausal status for women.
Dietary scores and long-term weight change C Lassale et al a Mediterranean diet was associated with lower 13-year weight gain for men and women and with a lower obesity risk in men.
The MSDPS 19, 37 was not associated with either weight gain or obesity risk and its predictive performance was lower compared with the other dietary scores studied. This Mediterranean-based score was developed for use in an American population (Framingham Offspring Cohort) with dietary intake assessed by a food frequency questionnaire (FFQ). Hence, it may not be suitable to our dietary data and/or type of population. Moreover, cutoff values may be too stringent compared to the dietary habits in our French population. Further, as component scorings display a bell-shaped distribution for each recommendation, individuals with increased consumption of fruits and vegetables or nonconsumers of sweet foods are assigned lower subscores with regard to these components than individuals with medium intake.
Among the other five scores used in our analyses, we found comparable results, although there were differences with regard to the specific components of diet included in each score. The linear models of weight change showed comparable, highly significant inverse associations across dietary scores (except MSDPS) in men. The ORs comparing normal weight or overweigh men with better adherence to a healthy diet with men with a poorer diet quality revealed an important obesity risk reduction associated with higher scores. Overall, the predictive value of the dietary scores with regard to obesity risk was comparable, as evidenced in the AUC. The comparability of the predictive values of these dietary indices shows that they are reproducible tools: even if they do not reflect adherence to the same level, we nonetheless found consistency in the measurement of diet quality by these scores. In addition, all of them indicate a potential protective effect with regard to weight gain in a French context, even though they were not initially developed for that population.
Generally, prospective data on overall diet measured through a priori methods and weight change are scarce. 7, 38, 39 Our findings follow recently published results on the association between Dietary scores and long-term weight change C Lassale et al a priori dietary scores and medium-to long-term weight change, mostly in American and Spanish samples. 9 -12,15,40 In the SUN cohort of university graduates in Spain, 15 smaller weight gain (mean follow-up 5.7 years) was observed in higher tertiles of MDS, but the association was modest. When stratified by gender, the effect was stronger in men than women. Moreover, nonsignificant association was found between MSDPS and weight gain. The authors also investigated the risk of becoming overweight or obese related to MDS, but found no association. Our findings with regard to MDS and MSDPS are consistent with those of the SUN study. In the EPIC study, 10 a modest inverse association was found between rMED and 5-year weight change. In comparison, our results showed stronger associations with rMED in both men and women. Consistent with our findings in men, in the Framingham Offspring Study, Quatromoni et al. 40 found an inverse, linear association between better adherence to a 5-point DQI (total fat, saturated fat, cholesterol, sodium, carbohydrates) and 8-year weight gain. However, there was a stronger association for women than men. Some authors report ethnoracial differences in weight change or obesity incidence. 7, 12 For example, in the American CARDIA study, 12 20-year weight gain was substantially higher than that observed in other studies, and differed by race: þ 17.9 kg in blacks and þ 12.5 kg in whites. In that study, adherence to the 2005 Dietary Guidelines for Americans was measured by the 2005 DQI. Surprisingly, blacks with higher dietary scores (for example, better adherence) gained more weight than those with lower scores, whereas the results in whites were similar to those observed in this study.
A possible explanation for the stronger associations observed in men than in women pertains to the potential confounding effect of hormonally mediated menopausal weight gain. 41, 42 In fact, the effect of each dietary score became nonsignificant after adjustment for menopausal status. In terms of obesity risk, the smaller number of cases among women than men might have prevented observing significant associations due to insufficient statistical power.
Several limitations of our study should be noted. First, the external validity of our results might be limited as our analyses were carried out in a selected sample of compliant volunteers. 24 Thus, a selection bias may have operated in the present analyses leading to a smaller sample size, potential homogeneity in diet quality and a lower risk of weight gain. In turn, that might have led to a statistical power reduction. Also, the quality of diet was measured by different predefined dietary scores, which show some limitations owing to arbitrary selection of components (nutrient, food groups and their constituents), the definition of cutoff values and scoring systems. 6 Further, anthropometric measurements were assessed only once at each clinical examination; hence, the absence of data as regards reproducibility of weight measurements may also be a limitation. Finally, we only considered dietary exposure at baseline (mean of 24-h records during the first 2 years), although changes in dietary habits might have occurred and influenced long-term weight change, particularly in women going through menopause. 40 However, despite these limitations, the dietary scores at baseline largely predicted risk of weight gain and obesity in a uniform manner.
An important strength of our work was its prospective design and the long follow-up of 13 years. Moreover, the quality of dietary and anthropometric data is high, as dietary exposure was measured by repeated (at least three) 24-h records, which are known to provide good estimate of intake at the individual level 43 and account for seasonal and weekly variability. Moreover, weight and height were not self-reported, but were measured during the clinical examinations, strengthening their accuracy. 44 In conclusion, our findings suggest that the quality of diet at baseline, measured by different dietary scores, is a good predictor of weight gain across gender after 13 years of follow-up. In addition, various dietary scores predicted almost equally well obesity risk in French middle-aged men. These findings support the broader use of nutritional scores for weight gain prevention at the population level, which could help curb metabolic diseases or carcinogenesis. Dietary scores and long-term weight change C Lassale et al
